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Abstract of RU2202123 

FIELD: computer engineering. SUBSTANCE: system that may be used in high-capacity data bulk 
processing systems including in real-time operation mode has N parallel-running processors each 
incorporating matrix of processing items, random-access memory, control processor, system bus, service 
random-access memory, buffer random-access memory, loading unit, and one or more communication 
media. EFFECT: enhanced power of computing system. 3 cl, 5 dwg 
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(57) 

M3o6peTeHne othocmtca k o6nacTn 

BblHMCTlMTSnbHOC^ TeXHMKM 1/1 MO>KGT 6blTb 

ncnorib30BaHo b Bbicx>Konpon3BOflMTenbHbix 
CMCTeMax o6pa6oTKM 6onbtunx Macci/iBOB 

MHCpOpMai^MM, B TOM HMcne M B pe>KkiMe 
peanbHoro speMeHM. TexHMMecKMM pe3ynbTaTOM 
flBnaeTCfl noBbiLueHne npon3BOAMTenbHOCTH 

pa60Tbl BbNHCJ-IHTeJlbHOfi CUCTeMbl. CucTeMa 

coflepxnT N napanneribHbix npoi^eccopoB, 

Ka>KflblPl M3 KOTOpblX COflepWMT MaTpML^y 

npouecxxDpHbix sneiweHTOB, 03Y, ynpaBfifliomi/ifi 
npoL^ecxxDp, cMCteMHyto ujMHy, cny>Ke6Hoe 03Y, 



6ycf)epHoe 03Y, ojiok 3arpy3KH 1/1 oflHy mjim 
6onee KOMMyHi/iKai^i/ioHHbix cpefl. 2 s.n.ctxnbi, 5 

MJl. 
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M306peTeHMKD 

napannenbHafl 
(npoueccop) 
crpyicrypoX, 
napannenbHbix 



M3o6peTeHne othocmtch k oonacTM 
BbiMncnuTeribHoK tsxhmkm m MoxeT 6biTb 

MCnOJlb30BaHO B BblCOKOnpOH3BOAMTe/lbHblX 

CMCTeMax o6pa6oTKM oonbUJMX MaccMBOB 

MHCpOpMai^MM, B TOM HMCne, M B pe>KMMe 

peanbHoro BpeiweHH. 

M3BecTeH KOMnbtOTep, coAepxamMX 
nponeccop, nepeKnronaTenb BBOAa-BbiBOfla, 
nepeKriKMaTenb 3arpy3KM KOMaHA, naMATb 
KOMaHA, MOAynb AOCTyna k AaHHbiM, 
accoL^naTMBHyto nawiflTb m MOAynb o6pa6oTKM 
noAnporpaMM [1]. 

HeAOdaTKOM AaHHoro KOMnbtoiepa 
fiBn^eTCfl to, mto npn BbinonHeHnn 
nocneAOBaTenbHbix cf)parivieHTOB nporpaMMbi b 
cjDOpMe TpuroHOMeTpMHecKnx hjim ApyrMx 
cjDyHKL^MM pa6oTaeT TOJibKO MOAynb o6pa6oTKH 
noAnporpaMM, a npoLjeccop npocTawBaeT, hto 
BeAeT k cHuxeHMK) 6biCTpoAei*CTBi/ifl. Kpoiwe 
Toro, hgbo3mo>kho Hapam,MBaHMe 

n pon3 bo ah Ten bHOCTM cucTeMbi nyTeM 
noAKnioHeHUfl AonoriHUTe/ibHbix 6noKOB. 

HaMOonee 6nM3KoX k onucbiBaeMoiwy 
(npoTOTun) ABnaeTCfl 
BbiHMcnuTeribHbie CMCTeMa 
c nepenporpaMMnpyeMOM 
BKnK)HaK)Lnayi rpynny 
npoueccopoB (aneMeHTOB), 

Ka>KAblfl M3 KOTOpblX BbinOHHeH B BHA© MaTpMUbl 
OAHOpOAHblX BblMUCriMTeJlbHblX HHeeK, 
COeAMHeHHblX C UJMHOX BBOAa-BblBOAa AaHHblX 

6noKa ynpaBJieHMfl, coAepwamero onepaTMBHoe 
3anoMMHaioinee ycTpoXcTBo (03Y) m y3en 
3arpy3KM [2]. 

CymecTBeHHbiM HeAOCTaTKOM TaKOM 
CMCTeMbl flBJlfleTCfl >KeCTKan B3aMMOCBfl3b Me>KAy 

co6oX OTAenbHbix napanjieribHbix npoueccopoB, 
hto npn peiueHMM wiHorux 3aAan o6ycnoannBaeT 

HM3KyK) npOH3BOAMTeribHOCTb CMCTeMbl B L^eJlOM, 

oco6eHHO B cnynae otk330B b paSoTe 
HeKOTopux npoueccopoB, a TaioKe 3aTpyAH«eT 
HapainnBaHne npoMSBOAMTenbHoc™ cucTeMbi 
nyTeM noAKnioHeHMH AonoxiHUTenbHbix otiokob. 
KpoMe Toro, 6onbUJoe hucjio napanneribHbix 
npoi^eccopoB, paooraiomMX c oahum otiokom 
ynpaBneHMA, cHM>KaeT 3cjDcj!)eKT m b h oct b mx 
ncnonb30BaHMfl. Ctout OTMeTMTb TaioKe, mto 
napannenbHbie nponeccopbi HeacjoqbeKTMBHbi 
Ana 3aAaM, npM peiueHMM KOTopbix TpeoyeTCfl 
>KecTKO nocneAOBaTenbHoe BbinonHeHMe, APyr 
3a ApyroM, OTAenbHbix MOAyneX m KOMaHA 
nporpaMMbi, peanM3yiOLHMx oTAenbHbie nacTM 
3aAaHM. 

YBennMeHne >Ke Mucna napannenbHbix 
npoueccopoB HapHAy c BBeAeHMeM b cocTaB 
Ka>KAoro napannenbHoro npOLjeccopa 
ynpaBnflioii^ero npoL^eccopa, BBeAeHne b cocTaB 

CMCTeMbl BblHMCnMTenbHblX y3nOB, COCTOflm,MX M3 

npoLieccopoB Apyroro Tuna 

(nocneAOBaTenbHbix), o6*beAHHeHHbix oahoX 

MnM HeCKOnbKkIMM KOMMyHMKaLJMOHHbIMM 

cpeAaMM, no3BonfieT Han6onee Gbiorpo m 
oqbcjDeKTMBHo BbinonHflTb cno>KHbie nporpaMMbi. 

TexHMHecKMM pe3ynbTaTOM npeAnaraeMoro 
TexHMHecKoro peweHMfl ABnaeTCfi noBbiweHMe 
n po m 3 boam Ten b hoctm pa6oTbi BbiHMcnMTenbHoX 

CMCTeMbl. 

TaKotf TexHMMecKMi^ pe3ynbTaT AOCTMraeTcn 
TeM, mto b M3BecxHOM ycTpowcTBe, coAepwaujeM 
rpynny napannenbHbix npoi^eccopoB, Ka>KAbi« M3 
kotopwx BbinonHeH B BMAe MaTpML^bl 
OAHOpOAHblX BbNMCnMTenbHblX AMeeK, 
COeAMHeHHblX C LUMHOfl BBOAa-BblBOAB AaHHblX 

6noKa ynpaaneHMfl, coA©P>KaLi^ero 03Y, 
AononHMTenbHO BBeAeHbi nepBan 
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KOMMyHMKai^MOHHafi cpeAa m N napannenbHbix 
npoi^eccopoB, npMMeM Ka)KAbi^ napannenbHbix 
npoi^eccop AononHMTenbHO coAep>KMT 
ynpaBnflhDLAM^ npoi4eccop, CMCTeMHyra LUMHy, 
cny>Ke6Hoe 03Y, oycfcepHoe 03Y M 6noK 
3arpy3KM, nepBaa rpynna BXOAOB-BbixoAOB 
KOToporo coeAMHeHa c nepBofi 

KOMMyHMKai^MOHHO^ CpeAOX, npM 3TOM BTopafl 

rpynna BXOAOB-BbixoAOB 6noKa 3arpy3KM 
coeAMHeHa c rpynnoM MHCjDOpMai^MOHHbix 
BXOAOB-BbixoAOB 6yc|3epHoro 03Y, rpynna 
ynpaBnnioi^Mx bxoaob KOToporo coeAMHeHa c 
nepBoK rpynnotf ynpaBnflioLi^MX buxoaob 6noKa 
3arpy3KM, TpeTbfi rpynna bxoaob- BbixoAOB 
KOToporo coeAMHeHa c rpynnoM 
MHcf)opMai4MOHHbix BXOAOB-BbixoAOB cny>Ke6Horo 
03Y, rpynna ynpaBnaioLJUMx bxoaob KOToporo 
coeAHHeHa co BTopoX rpynnoM ynpaBnflioiAMX 
BbixoAOB 6noKa sarpy3KM, MeTBepTafl rpynna 
BXOAOB-BbixoAOB KOToporo coeflMHeHa c rpynnoCi 

MHCjDOpMai^MOHHblX BXOAOB-BblXOAOB 03Y, 

rpynna ynpaBnflK)U4MX bxoaob KOToporo 
coeAMHeHa c TpeTbeX rpynnoi* ynpaBnjuoi^MX 
BbixoAOB y3na 3arpy3KM, nepBaa rpynna BbixoAOB 
KOToporo cBflsaHa c rpynnofi MHCpopMai4MOHHbix 
bxoaob MaTpMUbi npoueccopHbix aneMeHTOB, 

rpynna MHCjDOpMaL\MOHHblX BblXOAOB KOTOpOM 

CBfisaHa c rpynnoM bxoaob onoKa 3arpy3KM, 
rpynna ynpaanfliOLAMX bwxoaob KOToporo 
cB^saHa c rpynnoM ynpaBn^KDiUMX bxoaob 
MaTpML\bi npoi4eccopHbix aneMeHTOB, rpynna 
ynpaBnflHDLAMX BbixoAOB kotopoX CBA3aHa c 
rpynnoM ynpaBnjiioiUMx bxoaob 6noKa 3arpy3KM, 
nflTaa rpynna BXOAOB-BbixoAOB KOToporo 
coeAMHeHa c cMCTeMHOfi lumhoX, KOTopaa TaioKe 
coeAHHJieTCfl c rpynnoM BXOAOB-BbixoAOB 
ynpaBnsqtoLAero npoi4eccopa. 

KpoMe Toro, b BbiiueonMcaHHyK) 
napannenbHyio BbiHMcnMTenbHyio cMCTeMy c 
nporpaMMMpyeMoX apxMTeKTypotf MoryT 6biTb 
AononHMTenbHO BBeAeHbi OAHa MnM 6onee 
KOMMyHMKaL^MOHHbix cpeA, a Ka>KAbifi 
napannenbHbix npoi^eccop MO>KeT 

AononHMTenbHO coAep>KaTb oahh MnM Sonee 
ceTeBbix aAanTepos, npM stom nepBa^ rpynna 
BXOAOB-BbixoAOB Ka>KAoro ceTeBoro aAanTepa 
coeAMHeHa c CMCTeMHoX ljjmhoX napannenbHoro 
npoqeccopa, KOTopoMy npMHaAne>KMT ceTeBOM 
aAanTep, a BTopaa rpynna BXOAOB-BbixoAOB 
Ka>KAoro ceTeBoro aAanTepa coeAMHeHa c oahom 

H3 KOMMyHMKai^MOHHblX CpeA- 

B03MO>KHO TaioKe B BbitueonMcaHHyKj 
napannenbHyio BbiMMcnMTenbHy»o CMCTeMy c 
nporpaMMnpyeMOM apxMTeicrypoM 
AononHMTenbHO BBecTM oamh MnM 6onee 

BbNMCnMTenbHblX y3nOB, Ka>KAblX M3 KOTOpblX 

coAep>KMT nocneAOBaTenbHbix npoi^eccop, 
CMCTeMHyio LUMHy m oamh MnM 6onee ceTeBbix 
aAanTepoB, npM stom rpynna BXOAOB-BbixoAOB 
nocneAOBaTenbHoro npoL\eccopa coeAMHeHa c 
CMCTeMHoX llimhoX, c KOTOpoX TaioKe coeAMHeHa 
nepBan rpynna bxcaob-buxoaob xaxcAoro 
ceTeBoro aAanTepa, a BTopa^ rpynna 
BXOAOB-BbixoAOB Ka>KAoro ceTeBoro aAanTepa 

COeAMHeHa C OAHOX M3 KOMMyHMKai^MOHHblX 

cpeA- 

Ha cj^Mr.l, 2, 3 npMBeAeHa cTpyKTypHaa 
cxeMa BbNMcnMTenbHoX CMCTeMbl c 
nporpaMMMpyeMoX CTpyicrypoX cooTBeTCTBeHHO 
n.n.1, 2, 3 qbopMynbi M3o6peTeHMn; Ha qbMr.4 - 
CTpyiaypa ysna 3arpysKM; Ha cjDMr.5 
CTpyicrypa 6noKa KOMaHA- 

flpM 3TOM Ha Ka>KAOM M3 qbMr.2, 3 

M3o6paxeHbi ABe AononHMTenbHO BBeAeHHbie 

KOMMyHMKai^MOHHbie CpeAbl, XOTfl MX 
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flonoriHMTenbHO MO>KeT 6biTb BBeAeHO oflHa mjim 
6onee. Tom ho tsk >Ke Ha Ka>KAOM H3 0m r. 2, 3 
M300"pa>KeHbi jqBa AononHMTeribHO BBefleHHbix b 
napanne/ibHbi^ npou,eccop ceTeBbix aflamepa, 
xoTfl mx AononHMTeribHO mokbt 6biTb BBefleHO 
oamh mjim 6onee, m ABa AononHMTeribHO 
BBeAeHHbix b BbMiicnwTenbHbifi y3en ceTeBbix 
aAanTepa, xota mx AononHMTenbHO MoxeT GbiTb 
BBefleHO oahh Linn 6onee. 

Ha cfwrypax npUHHTbi cneAyioiUMe 
o6o3HaMeHMfl: 1 - ynpaBnaiomMM" npoLjeccop, 2 - 
cucTeMHajq LUMHa, 3 - 03Y, 4 - y3en 3arpy3KM, 
5 - MaTpni^a npoi4eccopHbix aneMeHTOB, 6 - 
cny>Ke6Hoe 03Y, 7 - 6ycfcepHoe 03Y, 8 - nepBaa 
KOMMyHMKaUji/ioHHafl cpeAa, 9 - napannenbHbifi 
npoLjeccop, 10, 11, 15, 16 - ceTeBbie 
aAamepbi, 12 - BTopaa KOMMyHMKaLjMOHHafl 
cpeAa; 13 - TpeTbfl KOMMyHMKai^MOHHafl cpeAa, 
14 - nocneAOBaTenbHbi^ npoi^eccop, 17 - 
BbNUcnuTenbHbiR y3eji, 18, 23, 24 - ojiokm 
LUMHHbix cfiopMnpoBaTene^, 19 - perncTp 
HacTpoeK, 20 - otiok KOMaHA, 21 - cneTMHK 
aApeca, 22 - KOMMyTaTOp, 25 - KOMnapaTop, 26 
- perncTp, 27 - Aewn<4>paTop KOMaHA- Ha c£mM 
ojiokm 1, 2, 3, 4, 5, 6, 7 o6pa3yfOT 
napannenbHbitf npoi^eccop 9. Ha cfcnr.3 ojiokm 2, 
14, 15, 16 o6pa3yK)T BbNMcnuTenbHbiM y3en 17. 

YnpaBrmMDmiifi npoi^eccop 1 , 
BsawMOAefiCTByyi c ynpaBnnioLAMMM 
npoueccopaMM 1 Apyrux napannenbHbix 
npoi4eccopoB 9 m BbNucnwTejibHbiMM y3JiaMM 17, 
nonyMaeT Ana BbinojiHeHMfl onpeAeneHHbie 
MacTM nporpaMMbi (npoi^eccbi) m 
cooTBeTCTByroLi^ne AaHHbie, MHUL^nnpyeT nx 
oo"pao"OTKy Ha MaTpni^e npoLjeccopHbix 
sneMeHTOB n nepeAaeT ApyrMM npoi^eccopaM 
nonyneHHbie pe3ynbTaTbi. Oh MOKeT 6biTb 
peann30BaH Ha ocHOBe KaK oAHHOMHoro 
cTaHAapTHoro MUKponpoi^eccopa, TaK m 
MHoronpoi4eccopHbix nnaT Tuna SMP [4]. B 
KanecTBe CMCTeMHofi ainHbi Mcnonb3yK)TCfl 
CTa h Aa pT h bi e ujMHbi (Hanpniwep, PCI [4]). 03Y 3 
npeAHa3HaneHo Arm xpaHeHMfl MHcpopMai^nn m 
nporpaMM. Cny>Ke6"Hoe 03Y 6 npeAHa3HaneHO 
Ana xpaHeHMfl MHcjDopMai^nn o HacTpotfKe GToro 
CxnoKa Ha BbinonHeHMe sarpyxaeMoro npoLiecca. 
B HeKOTopbix cnynaflx 03Y m cny>Ke6Hoe 03Y 
MoryT o"biTb coBMemeHbi. Byc£epHoe 03Y 7 
cny>KMT Anfl o6wieHa AaHHbiMM Me>KAy 
napanxienbHbiMn npOLjeccopaMM 9 sepe3 
nepByto KOMMyHMKaLLMOHHyio cpeAy 8 n MoweT 
6biTb Bbino/iHeHo KaK oSbiMHoe 03Y nn6o b bma© 
Ha6opa perncTpoB, flBrmiomuxcfl 
FIFO-oycjDepaMM. 

MaTpMLLa npoi^eccopHbix sneMeHTOB 5 
npeACTasjifleT co6ofl Haoop npoi^eccopHbix 
3/ieMeHTOB, o6"beAMHeHHbix cbhsamm 3aAaHHoro 
BMAa (npkweM Ka>KAbifi M3 npoi^eccopHbix 
aneiweHTOB peann3yeT nacTb mjim OAHy M3 
KOMaHA BbinonHfleMoft nporpaMMbi) n MO>KeT 
6biTb BbinonHeHa, HanpMMep, KaK b [3] nnn b 
BMAe MaTpni4bi, cocTOfiLAetf us H/IMC 
(nporpaMMnpyeMbix nornnecKnx HHTerpanbHbix 
cxeM, HanpMMep, Xilinx [6]). napannenbHbie 
npoi4eccopbi 9 Ann OwcTporo o6MeHa AaHHbiMM 
Me>KAy co6o^ o6"beAHHeHbi nocpeACTBOM 
nepBoW KOMMyHHKai4MOHHoC^ cpeAbi 8, 
npeACTaBJ-mKDmefi co6o^ Ha6op ujmh nepeAann 
AaHHbix, opraHM30BaHHbtx b onpeAeneHHyK) 
reoMeTpunecKyto cTpyKTypy, HanpuMep, Top [5]. 

Y3en 3arpy3KH 4 npeAHa3HaHeH A-nfl 3arpy3KM 
w Bbirpy3KH KOMaHA n AaHHbix b MaTpni\y 
npoi^eccopHbix aneMeHTOB 5 m M3 Hee 

COOTBeTCTBeHHO. OCHOBHbie cjDy HKI4MM, KOTOpbie 

oh BbinonHfler: 
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- (fcopMHpoBaHwe ynpaBfiflioi^MX cumanoB n 
aApecoB AJif 03Y, cny>Ke6Horo 03Y, 6y(fc>epHoro 
03Y; 

- cpopMnpoBaHne ynpaBriflKDU^nx curHanoB, 
noAaBaeMbix b MaTpni^y npoL^eccopHbix 
aneMeHTOB 5; 

- KOMMyTaL^Mfl 6noKOB napajinenbHoro 
npoueccopa c i4enbio o^MeHa MHcfiopMaL^neK 
Me>KAy humm; 

- o6MeH HHCf>opMai^nePt Me>KAy 6noKaMH 
napanne/ibHoro npoi4eccopa. 

Oamh H3 B03MO>KHbix BapnaHTOB peanM3ai^MM 
6noKa 3arpy3Kn noKasaH Ha dpwrA. Y3en 
3arpy3KM coAep>KHT 18 - 6jiok ujMHHbix 
cjDopMnpoBaTenePi, 19 - perncTp HacTpoeK, 20 - 
6noK KOMaHA, 21 - cmbthmk aApeca, 22 - 
KOMMyTaTOp, 23 - 6jiok LUMHHbix 
cjDopMnpoBaTeneCi, 24 - otiok ujMHHbix 
cf)opMMpoBaTene^. Ha cf>nr.5 noKa3aHa OAHa H3 
B03MO>KHbix peariM3ai4MM oVioKa KOMaHA. Bjiok 
KOMaHA coAep>KMT 25 - KOMnapaTop, 26 - 
perncTp, 27 - AeLLinct)paTop KOMaHA. 

BnoKM LUMHHbix cfDopMMpOBaTeriePi 18, 24 
ooecneHMBaioT cBA3b 6noKOB ysna 3arpy3KM c 

CMCTeMHOM UJMHOM M nepBOM KOMMyHMKaLLMOHHOM 
CpeAOP^ COOTBeTCTBeHHO. BflOK UUMHHblX 

cf)opM MpoBa Tenefi 23 oGecnenMBaeT cBA3b 
6noKOB y3na 3arpy3KM c 03Y 3, cny>Ke6HbiM 03Y 
6 m 6yc|DepHbiM 03Y 7. BnoK KOMaHA 20 
o6ecneMMBaeT A©LUMCf)pau 1 Mfo kombha, 
nocTyna»OLLiMX ot ynpaBnaioLi^ero npoi^eccopa 1 
c y^eTOM coAepxMMoro perMCTpa HacTpoeK 19, 
KOTOpblK coAep>KMT cny>Ke6HyK) MHCf)OpMai4MIO o 
pe>KMMax pa6oTbi y3Jia 3arpy3KM (HanpMMep, 
no6aMTHbiM MTiM nocnoBHbiW o6MeH 
MH0opMai^Me^, pasMep nepeAaBaeMoro 
MaccMBa m ap) m BWAaeT ynpaBjiflK)LL\Me 
CMrHaribi Ana pa^OTbi 6jiokob y3na sarpysKM. 
CneTHMK aApeca 21 nepecHMTbiBaeT aApeca m 

BblAaeT MX B 6/lOK KOMaHA 20 M GriOK HIMHHblX 

4)opMMpOBaTene^ 23. KOMMyTaTOp 22 
o6ecneHMBaeT coeAMHeHMe Jiio6oro CBoero 
BXOAa c nK)6biM cbomm buxoaom. KOMnapaTop 
25 npOM3BOAHT cpaBHeHMe TeicyLLiero aApeca, 
coAep>Kamerociq b cneTHMKe aApecoB c 
KOHeHHbiM aApecoM MaccMBa M3 perMCTpa 
HacTpoMKM 19. PerMCTp 26 cnyxMT Ana xpaHeHkm 
KOMaHAbi, BbiAaBaeMoft ynpaBnaioLUMM 
npoi^eccopoM 1 b y3en 3arpy3KM 4. fleaiMc^paTop 
KOMaHA oGecnenMBaeT BbiAany ynpaBfiflioLUMX 
CMrHanoB bo Bee 6iiokm y3na 3arpy3KM b 
cooTBeTCTBMM c coAep>KMMbiM perMCTpa 
HacTpoPiKM 19, perMCTpa 26 m BbixoAa 
KOMnapaTopa 25. 

Ysen 3arpy3KM pa6oTaeT cneAyiou^MM 
o€>pa30M. 

YnpaBriflioLLiM^ npoi^eccop 1 nepes 

CMCTeMHyKO LUMHy 2 M 6J10K LUMHHblX 

0opMMpoBaTeneM 18 noAaeT KOMaHAbi Ha 6jiok 

KOMaHA 20. B COOTBeTCTBMM C KOMaHAaMM 

npoM3BOAMTCfl HacTpoi^Ka kom My TaTopa Ha 
nepeAa^y KOMaHA m AaHHbix ot oahoto 6noKa k 
ApyroMy. 3aTeM b perMCTp HacTpoeK 19 
3anMCblBaeTC51 MH0OpMaLIMfl o pe>KMMax pa6oTbi 
y3na 3arpy3KM (HanpMMep, no6aC^THbi^ mum 
nocnoBHbiK o6MeH MHcf)opMaLiMeW, pa3Mep 
nepeAaBaeMoro MaccMBa m ap ), a b cneTHMK 
aApeca 21 noAaeTcn HananbHbiM aApec MaccMBa 
MHcjDOpMaLiMM. flepBOHaHanbHbie ycTaHOBKM 
cneTMMKa aApeca m perMCTpa o6ecneHMBaK)TCfl 
CMmanaMM HanaribHoK ycTaHOBKM (Ha Bcex 
cjDMrypax CMmanbi HananbHOM ycraHOBKM m mx 
pa3BOAKa He noKasaHbi). flanee cneTHMK aApeca 
21 yBenMMMBaeT CBoe 3HaMeHMe b cooTBeTCTBMM 
c nocTynaeMbiMM TaicroBbiMM MMnyribcaMM (Ha 
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Bcex cfrwrypax reHepaTOp TaKTOBbix MMnynbcoB m 
pa3BOAKa TaKTOBbix MMny/ibcoB He noKa3aHbi) ao 
Tex nop, noKa KOMnapaTop 25, Bxopf\ii\nft b 
cocTaB 6noKa KOMaHA 20, He BbiAacT caiman 

OKOHHaHUJl 06MeHa, KOTOpblM OCTaHOBMT CHeTHMK 

aApeca 21. KoMMyTaTop 22 b cooTBeTCTBMM c 
cumanaMM, noorynaioLUMMW c onoKa KOMaHfl 20, 
ycTaHaannBaeT cbhsm Arm nepeAann AaHHbix 
Me>KAy 6jiOKaiwn y3na 3arpy3KH 4. 

Bjiokm LUMHHbix cfcopMHpoBaTenePi 18, 23, 24, 
perncTp HacTpoeK 19, cneTMHK aApeca 21 
BbinoriHeHbi cTaHAapTHbiM o6pa30M, Hanpuwiep 
TaK, K3K 3TO onwcaHO b [7, 8]. KoMMyTaTop 22 
wio>KeT 6biTb BbinoiiHeH TaK, KaK onucaHo b [5, 
7]. BnoK KOMaHA MO>KeT 6biTb nocTpoeH TaK, KaK 
3to noKasaHO Ha 4>nr.5. PerncTp 26 3anoMHHaeT 
BXOAHyio KowiaHAy, KOMnapaTop 25 cpaBHMBaeT 
coAe p>km m oe cneTHMKa aApeca c nocne ah mm 
aApecoM oGMeHMBaeMoro wiaccuBa, KOTopbifl 
coAep>KMTCfl b pemcrpe HacrpoeK 19 m BbiAaeT b 
AeujucppaTop KOMaHA 27 en man 3aBepnieHym 
ooMeHa. no 3aBepLueHMM o6MeHa AeLunc|DpaTop 
KOMaHA 27 BbiAaeT b ynpaansiiomn& npoi4eccop 
1 curHan npepbiBaHun, nocne nero 
ynpasnaiomHfl' npoLjeccop 1 MO>KeT BbiAaBaTb 
Apyryw KOMaHAy. 

KOMnapaTop 25, peruorp 26, AeujHcjDpaTop 
KOMaHA 27 BbinonHeHbi CTaHAapTHbiM o6pa30M, 
HanpuMep TaK, KaK oto onucaHO b [7, 8]. 

C L^enbio coBMemeHMfl bo BpeMeHM 
npomecca BbNucneHnK Ha MaTpni^e 
npoueccopHbix sneMeHTOB 5 n sarpy3KH 
ncxoAHbix AaHHbix Ann cneAyioiAero npoi^ecca b 
03Y 3, b napannejibHOM npoi^eccope MOKeT 
6biTb BBeAeH BTopoft y3en sarpysKH 4. 
YnpaaneHne onepeAHOCTbio pa6oTbi y3noB 
npon3BOflMT ynpaBnflKOLmiM npoL^eccop 1. 

CeTeBbie aAanTepbi 10, 11 npeAHa3HaneHbi 
Anfl noAKfironeHMfl napanne/ibHoro npoueccopa k 

BTOpOfl" 12 M TpeTbefi 13 KOMMyHMKai^HOHHblM 

cpeAaM c L^enbKO oOMeHa WHcfcopMamiefi c 
ApyrnMM napannenbHbiMM npoLjeccopaMH 9 n 
BbNMcnuTenbHbiMM y3naMM 17. CeTeBbie 
aAanTepbi 15, 16 npeAHa3HaneHbi Arm 
noAKnioHeHMfi BbNMcnuTenbHoro y3na 17 ko 

BTOpofi 12 M TpeTbefi 13 KOMMyHMKaLJWOHHbIM 

cpeAaM c uenbio OOMeHa MHC|)opMai4Me^ c 
ApyrnMM BbiHucnuTenbHbiMM y3naMH 17 m 
napajineribHbiMki npo4eccopaMW 9. B KanecTBe 
annapaTypw nepeAann AaHHbix MoryT 6biTb 
ncnorib30BaHbi CTaHAapTHbie 
KOMMyHMKai^MOHHbie cpeAbi Tuna SCI, Myrinet 
mjim aHanornHHbie mm no Ha3HaneHwo w 
xapaKTepucTMKaM [5]. 

YcTpoMCTBo pa6oTaeT cneAyiomwM o6pa30M. 
JlKo6afl nporpaMMa, onucbiBajomafl peweHi/ie 
KaKotf-nuoo 3aAaHH, coctoht M3 paoa 
BbNucnuTenbHbix npoLieccoB (MOAynefi 
nporpaMMbi), Ka>KAbitf H3 kotopwx BbinonHfieT 
norwMecKH 3aBepujeHHoe p,eftcrBv\e. 
nocjieAOBaTenbHbie npoqeccbi (npoi^eccbi 
nocneAOBaTeribHoro Tuna), Bee KOMaHAbi 
KOTopbix Aon>KHbi BbinonHSTbCfl CTporo Apyr 3a 

APyrOM, BbinOJlHflKDTCfl Ha BbNMCnMTeJIbHblX 
y3nax, Ka>KAblFi H3 KOTOpblX COCTOUT H3 

nocneAOBaTeribHoro npoLjeccopa (npoi^eccopax 
nocneAOBaTeribHoro nnn cjDOH-HefiMaHOBCKoro 
Tuna) cucTeMHOi^ ujuhw h OAHoro nnn 
HecKonbKHX ceTeBbix aAanTepOB. 

napannenbHbie npoL^eccbi (npoi^eccbi 
napannenbHoro mna), KOMaHAbi KOTopbix MoryT 
BbinonHflTbCfl QAHOBpeMeHHo (nonHocTbio nnn 
MacTMHHO), BbinonHflioTcn Ha napannenbHbix 
npoueccopax. Pa36neHne nporpaMMbi Ha 
npoLjeccbi ocyiuiecTBnfleTCfl nw6o 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



nporpaMMMCTOM, nnoo TpaHcn^TopoM, 
bxoasiamm B cocTaB cucTeMHoro nporpaMMHoro 
o6ecneMeHM« napannenbHO^ BbmncriHTenbHofi 
cucTeMbi c nporpaMMnpyeMoi^ apxMTeKTypo^. 
npn 3TOM ynpaBnflHDti^nK npoueccop TO>Ke 
ABnaeTCfl npoi4eccopOM nocneAOBaTeribHoro 
Tuna. Ochobhoi^ era saAanefl ABn«eTC5i 
oGecneneHne 3anycKa npoueccoB 

napannenbHoro Tuna, ho b c^ohobom pexuMe 
Kax<AbiM ynpaBn«K0L4M^ npoi^eccop MoxeT 
BbinonHATb nocneAOBaTenbHbie npoueccbi. 
Flo3TOMy napannenbHaa cucTeMa c 
nporpaMMnpyeMOM apxnTeicrypoti Arm 
HeKOTopbix o6nacTeti npnno)KeHMK Mo>KeT w He 
coAep>KaTb BbNucnuTenbHbix y3noB. 

BbinonHeHne nporpaMMbi HannHaeTCfl c 
3arpy3KM m 3anycKa Ha oahom M3 nponeccopoB 
ee HananbHoro npoi^ecca. 3tot npoi^ecc, b 
cooTBeTCTBMM co CTpyKTypoM nporpaMMbi, MO>KeT 
3anycKaTb Ha BbinonHeHkie Apyrne npoqeccbi, 
KOTopbie b cboko onepeAb TO>Ke MoryT 3anycKaTb 
HOBbie BbNMcnuTenbHbie npoi^eccbi, npn stom 
oahh npoijecc Mo>KeT 3anycTMTb HecKonbKO 
Apyrux npoi^eccoB ao MOMeHTa cBoero 
oKOHHaHMfl. flo Tex nop, noKa ecTb CBOooAHbie 
npoueccopbi, Bee npoueccbi cpa3y we 
HanpaBnflioTCfi Ha BbinonHeHne. Ecnn >Ke 
cBo6oAHbix npoqeccopoB AaHHoro Tuna HeT, to 
npoL^ecc cTaBHTCfi b pe>KHM o>KHAaHnn. 
nocneAOBaTenbHbie m napannenbHbie npo[4eccbi 
BbinonHflioTcyi Ha npoi^eccopax 
cooTBeTCTByioiAero Tuna. TaKUM o6pasoM, b 
xoAe BbinonHeHMfl nporpaMMbi peiuaeMoi^ 
3aAann b cucTeMe cjDyHKi^MOHnpyeT 
MaKCHManbHoe Hucno OAHOBpeMeHHO 
BbinonHfleMbix npoi^eccoB (He npeBbiujaioiAee 
HMcno BbNucnuTenbHbix npoi^eccopoB b 
cucTeMe), a Apyraa nacTb roTOBbix k 
BbinonHeHMio npoL^eccoB o>KMAaeT 

ocBo6o>KAeHMfl npoueccopoB CBoero Tuna. 

Cnoco6bi co3AaHH« onepeAeR, roTOBbix k 
BbinonHeHMK) npoi4eccoB m 3anycKa nx Ha 
BbinonHeHne, onpeAen^ioTCfl nporpaMMHbiMH 
cpeACTBaMM v\ 3Aecb He onwcaHbi. 

KOMaHAbi Ha sarpysKy npoL^eccoB nocTynawT 
nepe3 KOMMyHUKaunoHHbie cpeAbi 8, 12, 13. npn 
HannHMM cBo6oAHoro ot BbinonHeHun 
KaKnx-nn6o onepam^i^ npoi4eccopa n no 3anpocy 
ot Hero B ero naMATb nepecbinaioTCfl KOMaHAbi 
BbNMcnuTenbHoro npouecca n/nnn 

Heo6xoAHMbie AaHHbie. nepecwnKa \a 3anycK 
npoi^eccoB Anfl nocneAOBaTenbHbix 
npoueccopOB 14 npoBOAHTCfl CTaHAapTHbiM 
cnoco6oM nepe3 nocpeACTBO cooTBeTCTByioLL^e^ 

KOMMyHUKai^HOHHO^ cpeAbi [5]. A*™ 
napannenbHbix >Ke npoi^eccopOB 9 BbinonHeHwe 
BbNucnuTenbHbix npoi^eccoB n o6MeH AaHHbiMM 
npOBOAMTcn cneAyioiAMM o6pa30M. 

B cnynae, KorAa napannenbHa^ 
BbNucnuTenbHan cuoreMa c nporpaMMMpyeMoft 
apxnTeKTypoi^ coAep>KMT TonbKO nepByio 

KOMMyHUKaUHOHHyiO CpeAy 8, K KOTOpofi K£l>KAblCl 

napannenbHbie npoL^eccop 9 noAKruonaeTCfl 
ncnonb3y« y3en 3arpy3Kn 4, npn MHHi4ManM3ai4MM 
cucTeMbi b Ka>KAbiPi ynpaBnjuoiAM^ npoueccop 1 
3anncbiBaeTCfl nporpaMMa Bbi30Ba n nonyneHUfl 
onepeAHoro npoL^ecca. nonyneHne npoi^ecca n 
AaHHbix, KOTopwe oh o6paoaTbiBaeT, 
npon3BOAHTCfl nepe3 nepByio 
KOMMyHMKaujHOHHyio cpeAy 8. To >Ke caMoe 
nponcxoAUT nocne 3aBepLueHMfl TeKyiAero 
npoi^ecca. 

B cnynae, KorAa napannenbHan 
BbNucnuTenbHafl cucTeMa c nporpaMMnpyeMOM 
apxnTeicrypoM coAep>KHT oAny nnn 6onee 
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KOMMyHUKai^noHHbix cpeA (12, 13 Ha cfwr. 3), 
AononHMTenbHO noAKniOHaeMbix k 

napanneribHOMy npoL^eccopy 9 nepea cereBbie 
aflanTepbi 10, 11, npu MHMi^Majinaai^nn cucieMbi 
b Ka>KAbitf ynpaBnfliomMfi npoL^eccop 1 
3anncbiBaeTCfl nporpaMMa Bbi30Ba m nonyneHMfl 
onepeAHoro npoi^ecca. nonyneHMe npoi^ecca m 
AaHHbix, KOTopbie oh oGpaoaTbiBaeT, 

npOM3BOAMTCfl nepe3 BTopyio M/HJ1M TpeTbK) n 

t.a. KOMMyHMKai^noHHyK) cpeAy (12, 13 Ha 
cf)nr.3). To >Ke caMoe nponcxoAUT nocne 
3aBepaieHMjq TeKyu^ero npoi^ecca. 

Ka>KAbiM ynpaBJiHKDini/iM npoi^eccop 1 nepe3 
CMdeMHyK) LUHHy 2 m y3en 3arpy3KH 4 
3anncbiBaeT KOMaHflbi nonyneHHoro Ann 
BbinoriHeHHfl npoi^ecca n Heo6xoAMMbie Ana 
Hero AaHHbie b 03Y 3, a TaioKe 3anncbiBaeT 
MHcf)opMai4MKD o HacrpofiKax yana b cny>Ke6Hoe 
03Y 6. nocneAHee coasp^mt AaHHbie atia 
HacTpoMKM y3Jia 3arpy3KM 4, a mmshho 
HaMaribHbie aApeca cooTBeTCTByHDL^nx 
npoi^eccoB m mx AaHHbix b 03Y 3, a TaioKe Tun 
AaHHbix, c KOTopbiMM paooTaeT 03Y 3. 3to 

MOKOT npOMCXOAMTb B pa3Hbie MOMeHTbl 

BpeMeHM, ecnn Ha6op KOMaHA, onucbiBajoi^nx 
npouecc, m AaHHbie Ana Hero nepeAaioTca M3 
pa3Hbix npoi^eccopoB. KaK npaBi/ino, Bee 
npoijeccbi, BbinonHfleMbie Ha napannenbHbix 
npoi^eccopax 9, OAHOBpeMeHHO 3arpy>KaioTCfl b 
03Y 3 Ka>KAoro napannenbHoro npoi^eccopa 9 
nepeA HananoM peweHMfl 3aAaHM, a AaHHbie 
HanpaanflioTCfl, no Mepe mx totobhoctm, TonbKo 
b G3Y 3, npnHaAne>KaLL^Me napannenbHbiM 

npOL^eCCOpaM 9, B KOTOpblX HHMl^MMpyfOTCfl 

npoi^eccbi, CBH3aHHbie c stmmm AaHHbiMM. 3aTeiw 
ynpaanfiK>mkifi npoi4eccop 1 BbiAaeT b y3en 
3arpy3KM KowiaHAy 3arpy3KM nporpaMMbi b 
MaTpni4y npoueccopHbix sneMeHTOB 5, a noTOM 
KOMaHAy 3anycKa caMoro BbNncnnTenbHoro 
npoL^ecca [3]. B xoAe 4>yHKi4MOHnpoBaHMfi 
Ka>KAafi MaTpni4a npoi^eccopHbix aneMeHTOB 5 
CHHTbiBaeT nepe3 yaen 3arpy3KM 4 BXOAHbie 
AaHHbie H3 03Y 3 v\ 3anncbiBaeT b Hero we mjim b 
oycfcepHoe 03Y 7 pe3yjibTaTbi BbinonHeHHOfi 
pa6oTbi. B npoL^ecce BbNMcneHMfl Ka>KAafl 
MaTpni4a nponeccopHbix aneiueHTOB 5 MoweT 

06MeHHBaTbCfl AaHHbiMM c APyrMMM MaTpMI4aMM 

npoi^eccopHbix sneMeHTOB 5 nepe3 y3en 
3arpy3KM 4, 6ycf>epHoe 03Y 7 m nepByio 

KOMMyHMKai4MOHHyfO Cpefly 8. riO OKOHHaHMM 

pa6oTbi Ksw<Aafl MaTpMi^a npoi^eccopHbix 
sneMeHTOB 5 nepe3 ysen 3arpy3KM 4 BbiAaeT 
cBoeiwy ynpaBrifliou^eMy npoijeccopy 1 CMnnan 
npepbiBaHMfl, nocne Hero ynpaanflioiqMM 
npoL^eccop 1 wio>KeT nepeAaTb pe3ynbTaTbi 
BbinonneHMFi BbiMMcriMTenbHoro npOL^ecca nepe3 
OAHy M3 KOMMyHMKai^MOHHbix cpeA ApyroMy 
ynpaBJiaioii^eMy npoLjeccopy 1, KOTopbitf 

HaXOAMTCfl B OWMAaHMM nOCTymieHMfl 3TMX 

AaHHbix Anfl BbinojiHeHi/m onepeAHoro 
napannenbHoro npoqecca Ha napanne/ibHOM 
npoi4eccope 9, mjim nepe3 AononHMTenbHO 
BBeAOHHbie BTopyio 12 (mjim Apyn/ie) 
KOMMyHMKai4MOHHyio cpeAy BbiMMcriMTeiibHOMy 

y3fiy 17, KOTOpblfi HaXOAMTCfl B 0>KMAaHMM 

nocTynneHMfl otmx AaHHbix Ana BbinoriHeHMfl 
onepeAHoro nocneAOBaTeribHoro npoi4ecca. 

Ecjim >Ke CBOOOAHbie npoL^eccopbi 
OTcyTCTByioT, to onepeAHoi^ npoi^ecc o>KMAaeT 
ocBo6o>KAeHkifl npoqeccopa CBoero TMna Ann 
cBoero BbinoriHeHMfl. Ka>KAbiW ynpaanfliomMfi 
npoi^eccop 1 m nocneAOBaTeribHbiM npoi^eccop 
14 nocne oKOHHaHMn BbinonHeHMfl onepeAHoro 
npoi4ecca ocymecTBnsiOT noMCK Ha BbinonHeHMe 
cneAyioinero npoi^ecca CBoero Tuna nyTewi 
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paCCbinKM no OflHOM M3 KOMMyHMKai4MOHHblX cpefl 

ynpaBnflKDU^MX 3anpocoB TMna "y koto ecTb Ann 
BbinonHeHi/ifl npoi^ecc M/MnM AaHHbie atia 
npoi4ecca wioero TMna? M . cPyHKi^MOHMpoBaHMe 
npoueccopoB npc-AonwaeTCfl ao wioiweHTa 
BpeiweHM, KorAa Bee npoqeccbi saAaHHOM 
nporpaMMbi 6yAyT BbinonHeHbi. B xoAe 
BbinonHeHMfl npoueccopbi o6MeHMBatoTca 
AaHHbiMM nepe3 KOMMyHMKai^MOHHbie cpeAbi. 
HaM6onee 3c|Dc)DeicTMBHoPi flBnseTCfl 
cneL4ManM3auMfl KOMMyHMKai4MOHHbix cpeA- ripM 
stom o6MeH AaHHbiMM Me>KAy napannenbHbiMM 
npoi^eccopaMM 9 npOM3BOAMTCfl nepe3 nepByio 
KOMMyHMKai^MOHHyio cpeAy 8, o6"MeH 

ynpaBnJIIOLi^MMM C006Li^eHMflMM, KOHTponb M 

ynpaBneHMe pa6oTO^ BcePi CMCTeMbi - nepe3 
BTopyio KOMMyHMKai4MOHHyK> cpeAy 12, M 
3arpy3Ka npoqeccoB m o6MeH AaHHbiMM Me>KAy 
nocneAOBaTenbHbiMM npoi^eccopaMM 14 m 
Me>KAy nocneAOBaTenbHbiMM 14 m 
napannenbHbiMM 9 npoi4eccopaMM - Mepe3 
TpeTbio KOMMyHMKai^MOHHyK) cpeAy 13. 
Bo3mo>kho BBeAeHMe 6onbtuero KonMHecTBa 
KOMMyHMKai4MOHHbix cpeA, McnonbsyioLUMXcfl Ana 
co3AaHMfl cno>KHbix MHoroypoBHeBbix ceTeBbix 
apxMTeKTyp [5] B HeKOTopbix cnyHaax 

B03MO)KHO MCnonb30BaHMe BbNMCnMTenbHOR 

CMCTeMbi c nporpaMMMpyeMofi CTpyicrypo^ 6e3 
nepBoi^ KOMMyHMKai4MOHHoK cpeAbi, 

noAKnioHaeMoK nepe3 y3en 3arpy3KM, ho npM 
stom CMCTeMa o6fl3aTenbHo Aon>KHa 6biTb 
CHa6>KeHa oaho^ MnM 6onee 

KOMMyHMKai^MOHHblMM CpeA3MM (12, 13 Ha 

cf)Mr.3), AononHMTenbHO noAKnionaeMbiMM nepe3 
ceTeBbie aAanTepbi. 

TaK KaK Bee npoi^eccopbi MMeioT oAMHaKOBbiM 
npMopMTeT no o6"pao"OTKe MHc^opMai^MM m 
ABnflKDTCfl paBHonpaBHbiMM, to b cnynae oTKa3a 
KaKoro-nM6o M3 hmx BbNMcnMTenbHaa CMCTeMa b 
UenoM ocTaeTCfl pa6oTOcnoco6HOM. 

YcTpoMCTBo no3BonfleT cymecTBeHHo 

nOBblCMTb CKOpOCTb 06pa60TKM MHC|DOpMai4MM M 

yBenMHMTb HaAe>KHOCTb ero paooTbi. TaioKe 
bo3mo>kho npocToe HapamMBaHMe 

npoM3BOAMTenbHOCTM CMCTeMbi nyTeM 
noAKmoneHMfl AononHMTenbHbix 6noKOB. 
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cDopiuyjia M3o6peTeHMfl: 

1 . napannenbHan BbNMcnMTenbHafl CMCTeMa 
c nporpaMMMpyeMOM apxMTeKTypoW, 
BKnionaioLJuafl napannenbHbiM npoi^eccop, 
KOTopwi^ coa©P>kmt MaTpMqy npoueccopHbix 
aneMeHTOB, m 03Y, OTnunaiomaflCfi TeM, hto oHa 
AononHMTenbHO CHa6>KeHa nepBOM 

KOMMyHMKaL^MOHHoi^ cpeAO^ M N 
napannenbHbiMM npoi^eccopaMM, npMMeM 
Ka>KAbiW napannenbHbiM npoi4eccop 

AononHMTenbHO coAep>KMT ynpaBnnioLi^MM 
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npoLjeccop, cucTeiviHyio wuHy, cnyxeoHoe 03Y, 
6ycf>epHoe 03Y m y3en 3arpy3KM, nepBafi rpynna 
BXOAOB-BbixoAOB KOToporo coeflUHeHa c nepBofi 
KOMMyHkwaLjHOHHofi cpeAOfl, npn qtom BTopafl 
rpynna BxofloB-BbixoAOB y3na 3arpy3KM 
coeAMHeHa c rpynnofi MHcjDopMaunoHHbix 
BXOAOB-BbixoAOB 6"ycf>epHoro 03Y, rpynna 
ynpasrmiomHX bxoaob KOToporo coeAMHeHa c 
nepBoR rpynnofi ynpaBimtomux BbixoAOB y3na 
3arpy3KM, TpeTbfl rpynna bxoaob-bwxoaob 
KOToporo coeflUHeHa c rpynnotf 
MHc^opMaUjMOHHbix bxoaob- BbixoAOB cny>Ke6Horo 
03Y, rpynna ynpaBJiflhointix bxoaob KOToporo 
coeAMHeHa co BTopoM" rpynnofi ynpaBrmKDLHwx 
BbixoAOB y3na 3arpy3KM, MeTBepTaa rpynna 
bxoaob -BbixoflOB KOToporo coeflMHeHa c rpynnoM 

MHCpOpMai4MOHHblX BXOAOB-BblXOAOB 03Y, 

rpynna ynpaanflioinHX bxoaob KOToporo 
coeAMHeHa c TpeTbetf rpynnoM ynpaBJiflfou^nx 
BbixoAOB y3/ia 3arpy3KM, nepBa« rpynna BbixoAOB 
KOToporo CBsreaHa c rpynnoM MHCpopMaL^MOHHbix 

BXOAOB MaTpMl^bl npOLjeCCOpHblX GJieMeHTOB, 

rpynna MHcpopMaunoHHbix BbixoAOB KOTopofi 
cBA3aHa c rpynnoPi bxoaob 6noKa 3arpy3KM, 
rpynna ynpaBrmfOLAMX BbixoAOB KOToporo 
CBA3aHa c rpynnofi ynpaBrmiOLUMx bxoaob 
MaTpni^bi npoi^eccopHbix sneivieHTOB, rpynna 

ynpaBJ15RHDL4MX BblXOAOB KOTOpotf CBfl3aHa c 

rpynnofi ynpaBJifltomux bxoaob 6noKa 3arpy3Kn, 
nflTan rpynna BXOAOB-BbixoAOB KOToporo 
coeAMHeHa c cucTeMHOM uikiHotf, KOTopaq Tafoxe 
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coeAMHfleTca c rpynnofl BXOAOB-BbixoAOB 
ynpaBJi^KJinero npoi^eccopa. 

2. napannenbHa« BbNMCTMTejibHafl CMCTeMa 
c nporpaMMMpyeMoPi apxureicrypo^ no n.1, 
OTJinHaK)iAaflcn TeM, hto b nee AonoriHMTenbHO 
BBeAeHbi oAHa mjih 6onee KOMMyHMKai^noHHbix 
cpeA, a Ka>KAbitf napannejibHbiPi npoi^eccop 
AonoxiHUTeribHO coAepxnT oamh mjim 6onee 
ceTeBbix aAamepOB, npw 3tom nepBaa rpynna 
BXOAOB-BbixoAOB Ka>KAoro ceTeBoro aflanTepa 
coeAMHeHa c ckicreMHoft llimho^ napannenbHoro 
npoi^eccopa, KOTopoMy npnHaAne>KHT AaHHbitf 
ceTeBofi aAamep, a BTopafl rpynna 
BXOAOB-BbixoAOB Ka>KAoro ceTeBoro aAamepa 

CoeAMHeHa C OAHOfi H3 KOMMyHHKai4MOHHblX 

cpeA- 

3. riapanjienbHan BbiHMCJiHTenbHafl cHCTeiua 
c nporpawiMi/ipyeMofi apxmeKrypofi no n.2, 
OTnunaKDLAaflCfi Teiw, hto b Hee AonoriHUTenbHO 
BBeAeHbi oamh nnn 6onee BbNucnuTenbHbix 

y3J10B, KSDKAbltf M3 KOTOpblX COAep>KMT 

nocneAOBaTenbHbiC^ npoi^eccop, cMcreMHyjo 
ujMHy m oamh mum 6onee ceTeBbix aAamepoB, 
npn 3TOM rpynna BXOAOB-BbixoAOB 
nocneAOBaTenbHoro npoi^eccopa coeAMHeHa c 
CHcreMHotf uji/ihom\ c kotopoC^ TaiOKe coeAMHeHa 
nepBaa rpynna BXOAOB-BbixoAOB KaxAoro 
ceTeBoro aAanTepa, a BTopaa rpynna 
BXOAOB-BbixoAOB Ka>KAoro ceTeBoro aAamepa 

COeAMHeHa C OAHOfi H3 KOMMyHUKai^l'IOHHbfX 

cpeA. 
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